Scene memory frequently includes a swath of unseen layout beyond a photograph's boundaries (boundary extension [BE]: Intraub & Richardson, 1989). Might it be affected by the viewer's plan to shift fixation near a view-boundary? When photographs were centrally fixated (500 ms), BE occurred following a 2 s masked interval (Experiment 1). In Experiments 2-4, a cue during the first fixation signaled viewers to fixate an object near the left or right boundary. The picture was masked before the eyes landed. BE occurred on the cued side, and the top and bottom, but not on the uncued side. This relatively accurate performance on the uncued side suggests that inhibition of a movement to one side (in a competitive task) may also inhibit extrapolation of layout. BE on the to-be-fixated side, however, supports the idea that anticipatory representation of layout is an adaptive error that may aid the spatial integration of successive views.
and mirror-reversed orientations across the practice session). The trials followed the same timeline as the experimental trials except that the memory test was excluded. Eye movement feedback was provided at the end of each practice trial (the scene reappeared with fixations superimposed and the term "correct" or "incorrect" was displayed). In the general design, eye movement feedback was limited to the practice phase of the experiment.
The timeline for each trial is shown in Figure 2 . On each trial the participant fixated a centrally located gold cross and initiated the trial when ready. The stimulus, with the fixation cross superimposed, remained on the screen for 500 ms, broken up into 3 periods: a (precue) for 250 ms, a 50-ms interval during which a cue indicating the nature of the required eye movement was superimposed just above the fixation point (small red arrow pointing left or right), and a 200 ms post-cue period. A visual noise mask (colorful random lines and curves on a white background) then replaced the image for 2 s, followed immediately by the test picture, which remained on the screen until boundary adjustment was complete. To prevent bias in boundary adjustment caused by the direction in which the viewer moved the boundaries, in Experiments 1, More than Meets 9 2, and 4, one of two types of test views were presented equally often throughout the experiment (randomly intermixed): a) small aperture view, in which the boundaries were pulled in so that they almost touched ( Figure 1c ) and b) large aperture view, in which the boundaries were pulled almost all the way out ( Figure 1d) . Thus, the initial test view was clearly incorrect, forcing the viewer to move the boundaries outward on small aperture trials and inward on large aperture trials to reconstruct the remembered view. These test views were counterbalanced across pictures. Participants then reconstructed the original view from memory, by moving the borders with the mouse. (In Experiment 3, no such movement bias existed because the view in the test item was identical to the stimulus view.)
Test Development
In most prior BE recognition tests, test pictures were either identical to the stimulus or were more close-up or more wide-angle views of the same scene. Thus, the physical size of the stimulus and test picture was identical -any difference reflected a change in the content of the view alone. To address the current question, however, we needed to allow viewers to independently adjust each boundary to reveal more or less of the scene (i.e., not only changing the view but also changing the size of the image with respect to the edges of the monitor). This brings up a potential artifact. Over trials, viewers might develop a strategy in which they simply adjust the size of the image with respect to the monitor, irrespective of the content of the view. In addition, they might use the outer boundaries of the test picture (by moving the borders fully outward), as a landmark that allows them to artificially maintain the picture's aspect ratio, whether or not it is well maintained in memory. Such strategies could artificially eliminate BE.
We attempted to mitigate these potential problems in several ways.
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To minimize the "marker" problem described above, the stimulus view (which was always presented in the center of the screen) was offset with respect to the fully revealed wideangle view (see Figure 1a) -thus making the edges of the wide-angle view useless as a marker.
As a result if the viewer opened the boundaries to their greatest extent, the full view was not centered on the screen -although of course the portion corresponding to the stimulus view remained at center. (Note that for this reason as well as for eliminating potential effects of individual picture compositions, a critical aspect of the design was that all pictures were shown in both normal and mirror-reversed orientations across the experiment.) So, across the experiment, all pictures were presented in both orientations, counterbalanced with cue direction, and aperture size at test. Finally, in Experiment 4, an additional variable was added. Test pictures always differed in scale from the stimulus (they were either 20% larger or 20% smaller). The rationale across all of these manipulations was to create situations in which the best strategy for the observer was to study and reproduce the content of the view, not its size or placement with respect to the monitor.
Criterion Performance
Successful trials occurred when the saccade: a) moved in the correct direction for a distance of at least ½ deg from central fixation, and b) landed after the stimulus disappeared (verified using a photocell). Task demands were very great and participants sometimes forgot to move their eyes, or made anticipatory eye movements to an object, thus invalidating trials. An a priori criterion of at least 40% valid eye movement trials was set (distributed among counterbalancing conditions) for a participants' boundary memory to be assessed. Based on the robust effects in previous research, we reasoned that this number of trials would be more than sufficient to allow us to evaluate boundary extension.
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Saccade Onsets (Experiments 2-4)
In all eye movement conditions (Experiments 2-4), saccade onset was measured from the onset of the directional cue. Median onsets for saccades on valid trials in Experiments 2-4 were, 360 ms, 475 ms, and 370 ms, respectively. These latencies are longer than those typically observed in eye movement studies in which the saccade target is indicated with a visual cue (e.g.
Hoffman and Subramaniam, 1995) but they include the time required to find a suitable object on the instructed side of a natural scene to serve as a saccade target. Note the somewhat larger latency in the 3-cue condition (Experiment 3).
Boundary Extension Analysis
In all prior BE research, questions of interest have focused on the overall area of the remembered region. To provide a comparable measurement in the current research, in each results section we begin by presenting the percentage change in area (# of pixels in the adjusted area/ # pixels in the original view). Then, to address the potential effect of planned fixations on BE, we report the percentage change in the distance between the center of the visible region and each boundary (i.e., distance [in pixels] from the picture's center to an adjusted side/ the distance in the original view). For both area and distance data, confidence intervals were constructed around the mean percent difference to determine if the adjusted boundary differed significantly from the original location. Alpha was set at .05. All t tests in the following analyses were twotailed.
Experiment 1
The purpose of this experiment was to determine if a single fixation would elicit BE moments later when viewers reconstructed the boundaries from memory. Viewers were instructed to maintain central fixation throughout each trial. The General Procedure was More than Meets 12 followed, except that the cue was a red line instead of a red arrow. This non-directional cue served as a reminder to maintain fixation, and also ensured that the sequence of events in Experiment 1 would be as similar as possible to those in the eye movement trials in the subsequent experiments. Twenty-four out of thirty-two participants passed criterion; on average they maintained fixation on 80% of the trials (the range was 50%-100% valid trials). The eight who did not pass criterion, found it particularly difficult to suppress fixations to salient peripheral objects, given the knowledge that a reconstruction task would immediately follow.
Results and Discussion
On average, viewers extended the boundaries, increasing the visible area by 53.7% (SD = 41.12). To determine if, on average, this reflected BE at each border, the change in border placement with respect to the center of the image is shown Figure 3 . As shown in the figure, each boundary showed a significant outward shift 1 . When the reconstructed area for large and small aperture trials were analyzed separately, both yielded significant BE; but the distortion was greater on large aperture trials 75.5% (SD = 51.57) than on small aperture trials 29.6% (SD = 40.25), t(23) = 5.29. This effect was replicated across all subsequent experiments and is addressed in the General Discussion. The new boundary adjustment procedure showed that BE occurs seconds following picture offset for a set size of 1 picture under conditions that makes verbalizing border location (e.g., the chair is an inch from the edge) unlikely.
Experiment 2
As in Experiment 1, a new group of viewers were allowed a single fixation on each picture, but unlike Experiment 1, these viewers planned a fixation to an object near the right or left boundary in response to a cue (as described in the "General Method"). The goal was to encourage participants to attend to one region of space versus another. The mask replaced the More than Meets 13 picture before their eyes landed. Would the plan to fixate one side vs. the other side influence spatial memory? Specifically, would boundary extension differ on the cued side vs. the uncued side? Twenty-two out of twenty-six participants passed criterion; the percentage of correct trials for these participants ranged from 40%-95%, with a mean of 63%. The percentage of trials for each of the error types was: a) failed to make an eye movement (16%), b) moved in the wrong direction (3%), or c) made anticipatory eye movements (18%).
Results and Discussion
Overall, BE again occurred. Viewers increased the visible area by 31.6% (SD = 32.82), and significant increases in area occurred on both large (75.5%), and small (29.6%) aperture trials, t(23) = 5.29. To assess the effect of planned fixations on the remembered position of individual boundaries, we collapsed across left and right cue conditions; mean boundary placement for the cued side and the opposite (uncued) side is shown in Figure 4 . As shown in the figure, confidence intervals revealed a significant outward shift of the boundary on the cued side but not on the uncued side; in addition, a t-test verified a significant difference in mean border placement between the cued and uncued sides, t(21) = 3.22. Figure 5 shows mean boundary placement for all 4 boundaries; BE occurred not only on the cued side, but also on the top and bottom.
These results run contrary to both Hypotheses 1 and 2 in that the plan to shift fixation did influence spatial memory, but did not do so by eliminating BE on the to-be-fixated side. Was BE enhanced on the cued sides (Hypothesis 3)? We directly compared BE on the cued sides (18.0%, SD = 14.6) with boundary placement at the sides (collapsing over left and right) in Experiment 1 (16.2%, SD= 13.38); performance did not differ, t(44) < 1. The plan to fixate neither decreased nor increased BE on the cued side, but apparently eliminated BE on the uncued side.
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Left cues vs. right cues. The same pattern of results for cued and uncued sides was observed when left cue and right cue trials were analyzed separately. Although power was greatly reduced, as shown in the Figure 6 , confidence intervals revealed significant outward shifts of the boundary on the cued side, but not on the uncued side on both left and right cue trials. A significant difference between cued and uncued sides was again obtained, irrespective of cue direction, t(21) = 2.10 (left cue trials) and t(21) = 2.08 (right cue trials). Analysis of the top and bottom borders also followed the same pattern as the overall analysis, although with reduced power, the left-cue-bottom failed to reach significance.
The results of Experiment 2 suggest that the plan to fixate near a boundary does not eliminate BE on the to-be-fixated side. In fact the amount of BE did not differ from that obtained when viewers simply maintained fixation (Experiment 1). However, the results did reveal an unexpected outcome --elimination of BE on the side opposite the planned fixation. Somewhat counterintuitively, the "rejected" side yielded, on average, a more accurate assessment of true boundary placement. This suggests another alternative that was not considered at the outset of the study --inhibition as discussed in the biased competition model of attention (Desimone, 1998; Desimone & Duncan, 1995; see General Discussion) . Perhaps, in this "go/no go" situation, inhibiting a movement to the uncued side also served to inhibit the development of BE on that side. If replicated, this would raise a new consideration about scene representation during the dynamics of visual scanning.
Experiment 3
The purpose of Experiment 3 was to determine if this unexpectedly accurate performance on the side opposite the cue could be replicated under other conditions. In Experiment 1, viewers were consistently cued to maintain central fixation -there were no competing cues to monitor. In More than Meets 15 contrast, in Experiment 2 the "shift fixation" conditions forced viewers to monitor competing cues (i.e., look left vs. look right) while studying the picture. In Experiment 3, we implemented a 3-cue task in which left and right cues (red arrows) were randomly interspersed with "maintaincentral-fixation" cues (red circle around the fixation point). In this way we attempted a replication of Experiment 2, while at the same time exploring the impact of cue competition on trials requiring the viewer to maintain central fixation. Following the logic of biased competition on no-movement trials (circle cue), suppression of both competing actions should occur, resulting in elimination of BE on both sides, but not on the top and bottom.
In pilot tests we found that the addition of the third cue made what was already a difficult task, far too difficult for most viewers (barely 1/3 of viewers passed criterion). The demands of monitoring 3 cues superimposed on natural scenes, followed by a demanding memory test were simply too great. Therefore, two changes were made to the General Method: a) eye movement feedback identical to that provided during practice in the previous experiments was presented at the end of each experimental trial (the full view of the scene appeared with fixations superimposed and the term "correct" or "incorrect" displayed), and b) the memory test was simplified by eliminating the aperture variable. With these changes, 39 out of 42 subjects passed criterion; the percentage of valid trials for these participants ranged from 43%-97%, with a mean of 55%. The percentage of trials for each of the error types was: a) failed to make an eye movement (22%), b) moved in the wrong direction (1%), or c) made anticipatory eye movements (8%). On trials requiring them to maintain fixation, they moved their eyes on 20% of the trials (similar to the error rate in Experiment 1).
Thus, as illustrated in Figure 2 , boundary placement in the picture was identical across the entire trial (stimulus, mask, and test) thus providing an extremely conservative test of BE.
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Results
Eye movement trials (arrow cues).
Viewers remembered seeing beyond the boundaries, increasing the visible area by 18.3% (SD = 48.31). Boundary placement on the cued and uncued sides in shown in Figure 7 ; once again, viewers shifted the cued side outward, but not the uncued side, and mean distance from the center of the image differed between the two, t(38) = 3.21. Figure 8 (upper panel) shows performance at all four boundaries on eye movement trials; again all sides yielded BE except the side opposite the cue.
No movement trials (circle cues).
On these trials, to maintain central fixation, viewers had to refrain from making both leftward and rightward eye movements. Figure 8 (lower panel)
shows that consistent with the biased competition prediction, no BE was obtained on the sides, but significant BE did occur at the top and bottom boundaries. Simply put, when cues were placed in conflict, the never-cued top and bottom always yielded BE. On eye movement trials (arrow cues), BE occurred on the cued side but not on the uncued side (i.e., the "path not taken" in the 2-way competition); whereas on no-movement trials (circle cue), which required inhibition of both competing actions, BE occurred on neither side (i.e., the "paths not taken").
Left-cues versus right-cues. Finally, as in the previous experiments, to determine if the same pattern occurred on left cue and right cue trials, we analyzed them separately. As shown in Figure 9 , BE occurred on the cued side but not the uncued side irrespective of cue direction. Ttests showed that in both cases there was a significant difference in performance between the cued and uncued sides, t(38) = 2.80 (left cues), and t(38) = 2.02 (right cues). Top and bottom borders showed a pattern similar to the combined results; all but the right-cue-bottom reached significance.
contribute to these different spatial allocations of attention but at this stage, we certainly can't rule out selective inhibition of unattended areas, particularly given that BE might rely on a different attentional deployment than that used for perceiving or remembering details of an attended target. For example, perhaps inhibition of early visual areas on the uncued side might "carry forward" to higher-level brain areas (a highly speculative candidate would be the parahippocampal place area (PPA), Epstein & Kanwisher, 1998; see Intraub 2002 ) associated with scene perception and layout representation , thus minimizing BE on the uncued side.
In conclusion, whether or not inhibition turns out to be the best explanation of the relatively "good" spatial memory on the uncued side, the most important outcome of the present studies are that a robust BE error repeatedly occurred on the cued side --what would be the leading edge of the representation if one were allowed to complete the fixation and see the world beyond the view. It is well known that the amount of BE is affected by stimulus characteristics (e.g., how "close-up" a view is; Intraub et al., 1992; and perhaps the emotional content of the picture, Mathews & Mackintosh, 2004) . The current research demonstrates that the amount and "shape" of this extended region is also affected by the direction of an upcoming fixation.
The results suggest as well that the mental representation of a view may be inhomogeneous in a manner similar to the visual field itself, with peripheral areas represented less well than central areas. This could serve an adaptive value, if, as discussed elsewhere (Intraub, 2001 (Intraub, , 2002 ) the visual system has evolved to "ignore" the spurious boundaries of a given view and extrapolate beyond them -thus capturing the continuity of real world scenes.
The outcome of the current experiments supports the idea that boundary extension is a "default" process of layout projection that rapidly occurs given a single fixation on a picture. Its presence so soon after stimulus offset underscores the possibility that this anticipatory spatial 
